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(54) A PLANET WHEEL ASSEMBLY FOR A PLANETARY GEAR

(57) A planet wheel assembly (101) comprises a
planet shaft (102), a planet wheel (103) having radial
contact surfaces (104, 105) and axial contact surfaces
(106, 107), bushings (108, 109) connected to the planet
shaft, radial sliding elements (108, 109) between radial
contact surfaces of the bushings and the radial contact
surfaces of the planet wheel, and axial sliding elements
(112, 113) between axial contact surfaces of the bush-
ings and the axial contact surfaces of the planet wheel.
The planet wheel is shaped to constitute a circumferential
projection (118) which protrudes radially towards the
planet shaft, is axially between the radial sliding ele-
ments, and forms the first and second axial contact sur-
faces of the planet wheel. This arrangement, where the
radial sliding elements are axially outmost and the axial
sliding elements are on the middle, improves the ability
of the radial sliding elements to act against forces tilting
the planet wheel.
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Description

Field of the disclosure

[0001] The disclosure relates to a planet wheel assem-
bly for a planetary gear. Furthermore, the disclosure re-
lates to a planetary gear.

Background

[0002] A planetary gear comprises a planet carrier, a
sun shaft, a gear ring, and planet wheels meshing with
the sun shaft and with the gear ring. The planet wheels
are supported with planet shafts which, in turn, are sup-
ported by the planet carrier. Bearings of the planet wheels
can rolling-bearings or slide-bearings. An advantage of
slide-bearings with respect to rolling-bearings is that
slide-bearings require less room in the radial direction
and the load carrying surfaces of slide-bearings are larg-
er than those of rolling-bearings. A challenge related to
slide-bearings is that they are prone to being damaged
during assembly of a planetary gear.
[0003] Publication EP2847497 describes a planetary
gear comprising planet wheel assemblies based on slide-
bearings. Each planet wheel assembly comprises two
bushings fixedly connected to a planet shaft. Each of the
bushings is L-shaped in the cross-section and has a ra-
dial contact surface and an axial contact surface. The
bushings are mounted to form a cross-sectional U-shape
so that the axial contact surfaces of the bushings are
facing towards each other and at least part of a planet
wheel is located within the U-shape formed by the L-
shaped bushings. The bushings are locked in the axial
direction at both outer sides by abutments constituted by
a planet carrier. The planet wheel assembly further com-
prises a radial sliding element between the radial contact
surface of each bushing and a respective radial contact
surface of the planet wheel, and an axial sliding element
between the axial contact surface of each bushing and
a respective axial contact surface of the planet wheel.
The radial and axial sliding elements can be first mounted
on the bushings, and thereafter the resulting assemblies
can be placed into the hole of the planet wheel. When
the planet shaft is pushed through the holes of the bush-
ings, the radial and axial sliding elements are protected
by the bushings and thus the damaging risk of the radial
and axial sliding elements is reduced.
[0004] The planetary gear described in the publication
EP2847497 is, however, not free from challenges. One
of the challenges is related to the fact that axial rooms
required by axial slide-bearings shorten the axial length
available for radial slide-bearings because each radial
slide-bearing is located within the above-mentioned U-
shape formed by the L-shaped bushings. This limits the
ability of the radial slide-bearings to act against forces
tending to tilt the geometric rotational axis of the planet
wheel with respect to the planet shaft.

Summary

[0005] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of various invention embodiments. The summary is not
an extensive overview of the invention. It is neither in-
tended to identify key or critical elements of the invention
nor to delineate the scope of the invention. The following
summary merely presents some concepts of the inven-
tion in a simplified form as a prelude to a more detailed
description of exemplifying embodiments of the inven-
tion.
[0006] In this document, the word "geometric" when
used as a prefix means a geometric concept that is not
necessarily a part of any physical object. The geometric
concept can be for example a geometric point, a straight
or curved geometric line, a geometric plane, a non-planar
geometric surface, a geometric space, or any other ge-
ometric entity that is zero, one, two, or three dimensional.
[0007] In accordance with the present invention, there
is provided a new planet wheel assembly for a planetary
gear. A planet wheel assembly according to the invention
comprises:

- a planet shaft,

- a planet wheel for meshing with a sun shaft and with
a gear ring, the planet wheel having first and second
radial contact surfaces facing radially towards the
planet shaft and first and second axial contact sur-
faces,

- first and second bushings connected to the planet
shaft, and

- a first radial sliding element between a radial contact
surface of the first bushing and the first radial contact
surface of the planet wheel, a second radial sliding
element between a radial contact surface of the sec-
ond bushing and the second radial contact surface
of the planet wheel, a first axial sliding element be-
tween an axial contact surface of the first bushing
and the first axial contact surface of the planet wheel,
and a second axial sliding element between an axial
contact surface of the second bushing and the sec-
ond axial contact surface of the planet wheel.

[0008] The planet wheel is shaped to constitute a cir-
cumferential projection which i) protrudes radially to-
wards the planet shaft, ii) is axially between the first and
second radial sliding elements, and iii) has axially facing
surfaces constituting the first and second axial contact
surfaces of the planet wheel, thereby the axial sliding
elements being between the radial sliding elements in
the axial direction. The radial and axial sliding elements
can be first mounted on the bushings, and thereafter the
resulting assemblies can be placed into the hole of the
planet wheel. When the planet shaft is pushed through
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the holes of the bushings, the radial and axial sliding el-
ements are protected by the bushings and thus the dam-
aging risk of the radial and axial sliding elements is re-
duced.
[0009] As the axial sliding elements are between the
radial sliding elements in the axial direction, the axial dis-
tance between the radial sliding elements can be greater
than in cases of the kind described e.g. in EP2847497
where radial sliding elements are between axial sliding
elements in the axial direction. The greater axial distance
between the radial sliding elements improves their ability
to act against forces tending to tilt the geometric rotational
axis of the planet wheel with respect to the planet shaft.
[0010] In accordance with the present invention, there
is provided also a new planetary gear that comprises:

- a sun shaft,

- a gear ring,

- planet wheel assemblies according to the invention,
and

- a planet carrier supporting the planet shafts and the
planet wheels to mesh with the sun shaft and with
the gear ring.

[0011] Various exemplifying and non-limiting embodi-
ments of the invention are described in accompanied de-
pendent claims.
[0012] Various exemplifying and non-limiting embodi-
ments of the invention both as to constructions and to
methods of operation, together with additional objects
and advantages thereof, will be best understood from the
following description of specific exemplifying embodi-
ments when read in conjunction with the accompanying
drawings.
[0013] The verbs "to comprise" and "to include" are
used in this document as open limitations that neither
exclude nor require the existence of also un-recited fea-
tures. The features recited in the accompanied depend-
ent claims are mutually freely combinable unless other-
wise explicitly stated. Furthermore, it is to be understood
that the use of "a" or "an", i.e. a singular form, throughout
this document does not exclude a plurality.

Brief description of the figures

[0014] Exemplifying and non-limiting embodiments of
the invention and their advantages are explained in great-
er detail below in the sense of examples and with refer-
ence to the accompanying drawings, in which:

figure 1 illustrates a planet wheel assembly accord-
ing to an exemplifying and non-limiting embodiment
of the invention,

figures 2a, 2b, and 2c illustrate details of planet wheel

assemblies according to exemplifying and non-lim-
iting embodiments of the invention, and

figure 3 illustrates a planetary gear according to an
exemplifying and non-limiting embodiment of the in-
vention.

Description of exemplifying and non-limiting embod-
iments

[0015] The specific examples provided in the descrip-
tion below should not be construed as limiting the scope
and/or the applicability of the accompanied claims. Lists
and groups of examples provided in the description are
not exhaustive unless otherwise explicitly stated.
[0016] Figure 1 shows a section view of a planet wheel
assembly 101 according to an exemplifying and non-lim-
iting embodiment of the invention. The section is taken
along a section plane which is parallel with the yz-plane
of a coordinate system 199. Figure 1 shows also a mag-
nification of a part of the section view of the planet wheel
assembly 101. The planet wheel assembly 101 compris-
es a planet shaft 102 which is fixedly connected to a
planet carrier. In figure 1, only portions 125 and 126 of
the planet carrier are shown. In figure 1, the geometric
center line of the planet shaft 102 is depicted with a dash-
and-dot line and the axial direction of the planet wheel
shaft 102 is parallel with the z-axis of the coordinate sys-
tem 199. The planet wheel assembly 101 comprises a
planet wheel 103 for meshing with a sun shaft and with
a gear ring. In figure 1, the sun shaft and the gear ring
are not shown. The planet wheel 103 has first and second
radial contact surfaces 104 and 105 facing radially to-
wards the planet shaft 102. Furthermore, the planet
wheel 103 has first and second axial contact surfaces
106 and 107. The planet wheel assembly 101 comprises
first and second bushings 108 and 109 connected to the
planet shaft 103. The planet wheel assembly 101 com-
prises a first radial sliding element 110 between a radial
contact surface 114 of the bushing 108 and the radial
contact surface 104 of the planet wheel 103. The planet
wheel assembly 101 comprises a second radial sliding
element 111 between a radial contact surface 115 of the
bushing 109 and the radial contact surface 105 of the
planet wheel 103. The planet wheel assembly 101 com-
prises a first axial sliding element 112 between an axial
contact surface 116 of the bushing 108 and the axial con-
tact surface 106 of the planet wheel 103. The planet
wheel assembly 101 comprises a second axial sliding
element 113 between an axial contact surface 117 of the
bushing 109 and the axial contact surface 107 of the plan-
et wheel 103.
[0017] The radial sliding elements 110 and 111 as well
as the axial sliding elements 112 and 113 can be accord-
ing to known slide-bearing technology. The material of
the sliding elements 110-113 can be for example white
metal, and the material of the planet wheel 193 and the
bushings 108 and 109 can be for example steel. It is also
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possible that the radial sliding elements 110 and 111
and/or the axial sliding elements 112 and 113 are multi-
layer elements each of which comprises a backing made
of e.g. steel, one or more intermediate layers made of
one or more suitable materials that are softer than the
material of the backing, and a surface coating for provid-
ing appropriate sliding properties and wear resistance.
[0018] As illustrated in figure 1, the planet wheel 103
is shaped to constitute a circumferential projection 118
having a rectangular cross-section and protruding radi-
ally towards the planet shaft 102. As shown in figure 1,
the circumferential projection 118 is located between the
radial sliding elements 110 and 111 in the axial direction.
The circumferential projection 118 has axially facing sur-
faces which constitute the axial contact surfaces 106 and
107 of the planet wheel 103. As the axial sliding elements
112 and 113 are between the radial sliding elements 110
and 111 in the axial direction, the axial distance between
the radial sliding elements 110 and 111 can be greater.
The greater axial distance between the radial sliding el-
ements 110 and 111 improves their ability to act against
forces tending to tilt the geometric rotational axis of the
planet wheel 103 with respect to the planet shaft 102.
[0019] In a planet wheel assembly according to an ex-
emplifying and non-limiting embodiment of the invention,
the outer surfaces of the radial sliding elements 110 and
111 constitute sliding surfaces for radially supporting the
planet wheel 103 rotatably with respect to the planet shaft
102 and the inner surfaces of the radial sliding elements
110 and 111 are fixedly connected to the bushings 108
and 109. In a planet wheel assembly according to another
exemplifying and non-limiting embodiment of the inven-
tion, the radial sliding elements 110 and 111 are floating
so that both their inner and outer surfaces constitute slid-
ing surfaces for radially supporting the planet wheel 103
rotatably with respect to the planet shaft 102. In a planet
wheel assembly according to an exemplifying and non-
limiting embodiment of the invention, the surfaces of the
axial sliding elements 112 and 113 facing towards the
circumferential projection 118 constitute sliding surfaces
for axially supporting the planet wheel 103 rotatably with
respect to the planet shaft 102 and the surfaces of the
axial sliding elements 112 and 113 facing away from the
circumferential projection 118 are fixedly connected to
the bushings 108 and 109. In a planet wheel assembly
according to an exemplifying and non-limiting embodi-
ment of the invention, the axial sliding elements 112 and
113 are floating so that all axially facing surfaces of the
axial sliding elements 112 and 113 constitute sliding sur-
faces for axially supporting the planet wheel 103 rotatably
with respect to the planet shaft 102.
[0020] In a planet wheel assembly according to an ex-
emplifying and non-limiting embodiment of the invention,
each of the bushings 108 and 109 comprises a collar at
an end of the bushing comprising the axial contact sur-
face of the bushing under consideration. In figure 1, the
collar of the bushing 108 is denoted with a reference 119.
As shown in figure 1, the collars define the locations of

the radial sliding elements 110 and 111 so that the radial
sliding element 110 abuts on the collar 119 of the bushing
108 in the negative z-direction of the coordinate system
199 and the radial sliding element 111 abuts on the collar
of the bushing 109 in the positive z-direction of the coor-
dinate system 199.
[0021] A planet wheel assembly according to an ex-
emplifying and non-limiting embodiment of the invention
comprises a spacer structure 120 that determines a min-
imum axial distance between the axial contact surfaces
116 and 117 of the bushings 108 and 109. In the exem-
plifying planet wheel assembly illustrated in figure 1, the
spacer structure 120 is a spacer bushing which is con-
nected to the planet shaft 102 and which is axially be-
tween the bushings 108 and 109. As shown in figure 1,
there is a radial gap between the spacer bushing and the
circumferential projection 118 of the planet wheel 103.
[0022] Figures 2a, 2b, and 2c show section views of
bushings and sliding elements of planet wheel assem-
blies according to exemplifying and non-limiting embod-
iments of the invention. The sections are taken along a
section plane which is parallel with the yz-plane of a co-
ordinate system 299. Figures 2a-2c illustrate different
spacer structures 220a, 220b, and 220c for determining
a minimum axial distance between the axial contact sur-
faces of the bushings. In the exemplifying case illustrated
in figure 2a, the spacer structure 220a is implemented
with bushings 208a and 209a so that the bushing 208a
comprises a spacer section 221a and the bushing 209a
comprises a spacer section 222a. In this exemplifying
case, the bushings 208a and 209a are similar to each
other. In the exemplifying case illustrated in figure 2b,
the spacer structure 220b is implemented with bushings
208b and 209b so that the bushing 208b comprises a
spacer section 221b and the bushing 209b comprises a
spacer section 222b that is different from the spacer sec-
tion 221b. In the exemplifying case illustrated in figure
2c, the spacer structure 220c is implemented with only
one of bushings 208c and 209c so that the bushing 208c
comprises a spacer section 221c.
[0023] Figure 3 illustrates a planetary gear according
to an exemplifying and non-limiting embodiment of the
invention. The planetary gear comprises a sun shaft 330,
a gear ring 331, a planet carrier 332, and planet wheel
assemblies according to an exemplifying and non-limit-
ing embodiment of the invention. In figure 3, three of the
planet wheel assemblies are denoted with references
301a, 301b, and 301c. The planet carrier 332 is arranged
to support the planet wheels so that the planet wheels
are meshing with the sun shaft and with the gear ring
331. The planet wheel assemblies can be for example
such as illustrated in figure 1. In the exemplifying case
illustrated in figure 3, there are four planet wheels. In a
planetary gear according to another exemplifying and
non-limiting embodiment of the invention, there can be
for example 2, 3, or more than four planet wheels. In the
exemplifying case illustrated in figure 3, the gear ring 331
is stationary and the planet carrier 332 and the sun shaft
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330 are rotatable. It is also possible that e.g. the sun shaft
is stationary and the planet wheel carrier and the gear
ring are rotatable.
[0024] The specific examples provided in the descrip-
tion given above should not be construed as limiting the
scope and/or the applicability of the accompanied claims.
Lists and groups of examples provided in the description
given above are not exhaustive unless otherwise explic-
itly stated.

Claims

1. A planet wheel assembly (101) for a planetary gear,
the planet wheel assembly comprising:

- a planet shaft (102),
- a planet wheel (103) for meshing with a sun
shaft and with a gear ring, the planet wheel hav-
ing first and second radial contact surfaces (104,
105) facing radially towards the planet shaft and
first and second axial contact surfaces (106,
107),
- first and second bushings (108, 109, 208a,
209a, 208b, 209b, 208c, 209c) connected to the
planet shaft, and
- a first radial sliding element (110) between a
radial contact surface (114) of the first bushing
and the first radial contact surface of the planet
wheel, a second radial sliding element (111) be-
tween a radial contact surface (115) of the sec-
ond bushing and the second radial contact sur-
face of the planet wheel, a first axial sliding el-
ement (112) between an axial contact surface
(116) of the first bushing and the first axial con-
tact surface of the planet wheel, and a second
axial sliding element (113) between an axial con-
tact surface (117) of the second bushing and the
second axial contact surface of the planet wheel,

characterized in that the planet wheel is shaped to
constitute a circumferential projection (118) which i)
protrudes radially towards the planet shaft, ii) is ax-
ially between the first and second radial sliding ele-
ments, and iii) has axially facing surfaces constituting
the first and second axial contact surfaces of the
planet wheel.

2. A planet wheel assembly according to claim 1,
wherein the first bushing comprises a collar (119) at
an end of the first bushing comprising the axial con-
tact surface of the first bushing and the second bush-
ing comprises a collar at an end of the second bush-
ing comprising the axial contact surface of the sec-
ond bushing, the first radial sliding element abutting
on the collar of the first bushing in a first axial direction
and the second radial sliding element abutting on
the collar of the second bushing in a second axial

direction opposite to the first axial direction.

3. A planet wheel assembly according to claim 1 or 2,
wherein the planet wheel assembly further compris-
es a spacer structure (120, 220a, 220b, 220c) deter-
mining a minimum axial distance between the axial
contact surfaces of the first and second bushings.

4. A planet wheel assembly according to claim 3,
wherein the spacer structure (120) is a spacer bush-
ing connected to the planet shaft and being axially
between the first and second bushings, there being
a radial gap between the spacer bushing and the
circumferential projection of the planet wheel.

5. A planet wheel assembly according to claim 3,
wherein the spacer structure (220a, 220b, 220c) is
implemented with at least one of the first and second
bushings so that at least one of the first and second
bushings (208a, 209a) comprises a spacer section
(221a, 222a, 221b, 222b, 221c) protruding axially
towards another one of the first and second bushings
so that there is a radial gap between each spacer
section and the circumferential projection of the plan-
et wheel.

6. A planet wheel assembly according to any of claims
1-5, wherein outer surfaces of the first and second
radial sliding elements constitute sliding surfaces for
radially supporting the planet wheel rotatably with
respect to the planet shaft.

7. A planet wheel assembly according to any of claims
1-6, wherein inner surfaces of the first and second
radial sliding elements constitute sliding surfaces for
radially supporting the planet wheel rotatably with
respect to the planet shaft.

8. A planet wheel assembly according to any of claims
1-7, wherein surfaces of the first and second axial
sliding element facing towards the circumferential
projection constitute sliding surfaces for axially sup-
porting the planet wheel rotatably with respect to the
planet shaft.

9. A planet wheel assembly according to any of claims
1-8, wherein surfaces of the first and second axial
sliding element facing towards the first and second
bushings constitute sliding surfaces for axially sup-
porting the planet wheel rotatably with respect to the
planet shaft.

10. A planetary gear comprising:

- a sun shaft (330),
- a gear ring (331),
- a planet carrier (332), and
- planet wheel assemblies (301a-301c) accord-
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ing to any of claims 1-9,

wherein the planet carrier is arranged to support the
planet shafts and the planet wheels to mesh with the
sun shaft and with the gear ring.
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